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Army A i r  Fo rces ,  A i r  Technica l  Se rv ice  Coimand 

B y  hiargaret  F. S t e i n e r  

Dvring the f u l l - s c a l e  dl tch- :ng ol" an Army B-243 air- 
plane  i n  the Janes  d i v e r ,  a c c e l e r a t i o n s  n e a r  the  c s n t e r  
of  g r a v i t y  and bottom p r e s s u r e s  were rieasiired. The d a t a  
a r e  Dresented i n  the  form of  tLme-h i s to ry  p l o t s  o f  the  
r e  corded l o n g i t u d i n a l ,  n o m a l ,  arid t r a r s  ve r s e  acce l e  ra- 
t ions.  and o f  the bottom F r e s s v r e s .  

The a i r r l a q e  c o n t a c t s d  i n  a ta l l -down a t t i t u d e ,  
b a r e l y  l e f t  t be  wa te r ,  e n t e r e d  a g a i n  2nd rccked forward 
s o  t h a t  t h e  nose and rllost o f  t he  f u s e l a g e  dug i n  deeply .  
During t h e  f i r s t  imnact t h e  h igh  p r e s s u r e  a r e a  s t a r t e d  
a t  t h e  r e a r  o f  t ke  bomb-5ay s e c t i o n  and p i -opesscd  t o  
a point near t h e  empennage and on the  second imFact 
i t  p rogres sed  forward from a p o i n t  j u s t  a f t  o f  the bomb 
bay  u n t i l  m o s t  o f  the  nose was s u b j e c t e d  t o  wa te r  load. 

In nost cases  the  maximum recozded p r e s s u r e  a t  each  
statio:Cj. exceeded the  capac i  t g  o f  t t i e  i n s t r u m e n t s  be lng  
c q r e a t e r  t h a n  30  t o  50 pounds pe r  square  inch;  

The rnaxlmu~ recorded  a c c e l e r h t 2 o n  wa3 2 . 7 g  a c t i n g  
i n  the  rearward  d i r e c t i o n  d o n L ,  the l o n g i  tuc?.fnal axis .  
The a c c e l e r a t i o n s  a long  o t h e r  axes  were n e g l i g i b l e  

The var ious a e r i a l  combat iuzits o p e r a t j n q  over  
wa te r  have been f aced  w i t h  the s e r i o u s  problem of  xak ing  
emergency l a n d i n g s  on wa te r  I n  such 3 manner a s  t o  
minimize hazard  t o  p s r sonne l .  
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For s e v e r a l  months t h e  NACA Laborator:: a t  hrii~,13y 
F i e l d ,  Va., has been corLdcctLng d^_tchi i ly  t e s t s  w L t h  
models of  sel .vice a i r p l a n e s  and tbe  J@rod.ynami cs  
T)i v f s i  on i n  coone ra t ion  with t h e  Army Liaison Off i ce  
i s  now p a r t i c i p a t i n g  Ln a program compr>is;ng e i t c h i i l g s  
of’ f u l - l - s i z e  E-2LD airpldYtes.  This program was 
I n i t i a t e d  by the  Army A i r  Forces ,  A j r  Tecllnical  
Se r vf ce C ommand a 

‘Che 13uimoses of :he FFograz were t o  i n v e s t i g a t e  
t h e  agreement between f u l l - s c a l e  and model t e s t s  t o  
s tudy  the  i n h e r e n t  6 i t c h i n g  quJliti3s of  a 8-24? air- 
plane  and t o  provide ,  If‘ 3 0 s s i b l e ,  a safer rstl-io6 o f  
dj.tchLn& t h e  s u b j e c t  .iirDlane. 

This report; prescnts  o n l y  t h s t  po i - t ion  of the 
d a t a  f’rom t h e  f ’ i r s t  dLtichiL-lt2 whn.ch was t o  be used t o  
rough ly  e s t a b l i s h  t h s  b c c e l e r a t i o n s  ezpepisnced  b y  the  
p i l o t  and t h e  a-nount o f  wa te r  d r e s s w e  t o  i ihich the  
f u s e l a g e  s t r u c t u r e  was sub jec t ed  dur:sng t he  d i t c h i n g .  

F igure  1 I s  a rhotograph  0.f‘ t h e  E-2,!@ a i r n l a n e  
p repa red  for d i t c h i n g .  T h e  wei;;kit of‘ t h e  s:rpl:;ne was 
about  Ld.+,lOO pounds and the  center of g r a v i t y  was 
l o c a t e d  a t  30 .9  p e r c e n t  o f  t h e  m a n  a e r o d - p a n i c  chorcl. 

The ‘bomb d o o r s  and q u n - t u r r e t  ivel l  , vex  r ep laced  
by  , ’  j - inch.  s t e e l  p l a t i n g ;  th3 c m e r n  Littcli an3 ? l e x i -  
glass s e c t i o n s  o f  t h e  ncse vvex repl; iced S;li --ir,sh 

s t e e l  p l a t i n g .  ::rooden Srticln?;;s 2nd s t e e l  r e i n f o r c l n g  
riS3 were added t?mrouC;T7.c.ut th3 f m s l z s e  s t r c c t 7 u e .  
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which t r ansmi . t t ed  i t s  impulses  Lo t ne  a i r p l a n e  by means 
o f  r a d i o .  Tke nccelercmete-s  !nJere r i g i d l y  mounted i n  
t h e  l i f 'e  r a f t  compartment as c l o s e  t o  t h e  c e n t e r  o f  
g r a v i t y  a s  F o s s i b l e  and were s u b j e c t  t o  l o c a l  d i s t u r b a n c e s  
as well a s  t o  t h e  main acce1era t fon .s  o f  the  a i r p l a n e .  
The ranges  and vane f r e q u e n c j e s  o f  t he  acce le romete r s  a r e  
l i s t e d  i n  t a b l e  I. The two three-component acce le romete r s  
were s o  o r i e n t e d  t h a t  t h e y  measured l o n g i t u d i n a l ,  
t r m s v e r s e ,  and normal a c c e l e r a t i o n s  and the  two 
s i n g l e  -component acce !.e rome t e r s  were o r i e n t e d  3 0  t h a t  
t h e y  measured a c c e l e r a t i o n s  a l o n g  the l o n g i t u d i n a l  
axis .  

Also  used were two  ~hoto observers whlch Dhoto-  
graphed t h e  a i r sDeed i n d i c a t o r ,  t h e  f i a p - D o s i t i o n  
i n d i c a t o r ,  the  gvro horizon,  2nd -the d i r e c t i o n a l  gyro .  
We l ~ h ~ t o  ol-servers  wcre momtec! on w a t e r t i g h t  bases  
on tl7e t o p  of  'be wing i n  tbe  1LSe-raf't conpartments .  

TwentTT p r e s s u r e  r e c o r d e r s ,  all s t anda rd  NACA 
i n s t r u m e n t s  w i t ? ?  co r ruga ted  dtaphragrnu, were used i n  
t h e  t e s t .  The diaphragms had a d i ame te r  o f  

1 i n c h e s  and were a o m t e d  f l u s h  with t he  s k i n .  The i r  
l o c a t i o n  i s  shown i n  f i g u r e  2 anri a t j T i c a l  i n s t a l l a t i o n  
i s  shown i n  f i g u r e  3. 
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The range o f  each  n r e s s u r e  in s t rumen t  and t h e  
t imer  i'rorn which i t  r ece ive6  i%s imrmlse i s  l i s t e d  
i n  t a b l e  11. Timer nwn3er 2 o a e r a t e d  s a t i s f a c t o r i l y  
throughout  the rwn b u t  t i m e r  iiuriiber 1 f a i l e d  a f t e r  
t h e  f i r s t  impact s o  an a n r o x l m a t e  time s c a l e  was 
devrisec' f o r  those  r e c o r d s  recsj-viilz Lheir impulses  
from t h f s  t i m e r .  

Inasmuch a s  a l i m i t e d  number o f  5C-and 100-pound 
i n s t r u m e n t s  was a v a i l a b l e ,  t h e y  nere l o c a t e 6  so  t h a t  
i n s t r u m e n t s  w i t h  g r e a t e r  D o s i t l v e  ra.n_ge were a t  p o i n t s  
where g r e a t e s t  p o s i t i v e  x)reJsures were expec ted  and 
the  jn s t rumen t s  with g r e a t e r  ; i ega t ive  range weye a t  
p o i n t s  where g r e a t e s t  n e g a t i v e  p r e s s u r e s  were expec ted .  
Table I1 i n d i c a t e s  t h a t  tLie ralige o f  rrost o f  t h e s e  
i n s t r m s n t s  was n o t  q u i t e  s u f f i c i e n t  t o  a l low t h e  
r e c o r d i n g  of  t h e  masfmum Dressures ,which f a c t  i s  no ted  
on the p l o t s .  
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Four phototl-ieod<)lj t ( ? s  stationat-? c!si Eie  James 
Rivei? Br idge  r e c o r d e d  p h o + o g ~ a y h ~ . c a l - l . y  a t j m e  n i s t o r g  
of  the s i i i y ' s  p r o g r e s s  d u r i n g  t'icio dft;ch.i:~,rg and macle 
ava i l -ab le  Lhe va lues  o f  v e r t i c a l .  ve1octt;T :in6 t r i m  
angle  dur:.Lrig the ap?roach.  

The a i r p l a n e  made a tufl-dow~ flared 1.sncli.n.g i n  
t he  James River  a f t e r  zn ayiproach with n n r t i a l  yow3.r 
and. w i t h  f l a p s  down. It con tac t ed  a t  3.bout 1146 f e e t  
p e r  secorld, trimmed t o  a h i ~ k :  anglo as i t  s e t t l e d  i n  
s l i g h t l y ,  then l e f t  .tb.e ,!later :'or wL Ins- tz~mt,  Ftnterec? 
a g a i n  and plowed through. t h  wate r  w:.th ?est of  t he  
f u s e l a g e  below the  water  s u r f a c e .  

The i'ol1owj.n.g valu.es  of the ?robable  accuracy of  
t he  measurement ccnsSder  n r i a t l c n  between r e p e a t  r e a d i n g s  

Component of a s c e l e r a t i a n ,  g 
Normal .......................................... 20.20 
Long i tud ina l  ................................... 20.20 
Transverse ..................................... kC.20 

Pressure, I b / i n . 2  (in an i n t a c t  i n s t ru jnon t )  . , * .  . a .  * .  . 22 

Inasmuch as the  p r c c l  si.on o f  ;Ye r e s u l t s  ob ta incd  
from t,ka p r e s s u r e  ri;.corlc.:-s is af',";.cted by  th?o c o n 8 3 f t i o n  
of the gages d u r i n g  the  ~ 1 . 1 1 ,  a SUX-~'C~I':T o f  the  o p e r a t i o n a l  
e f f i c i e n c y  and f a i l u r e s  o f  . the i n s t rumen t s  f o l l o w s .  

Ins t ruments  numi;ers 56 ,  50, 59, and i1.6 opera t ed  
s a t i s f a c t o r ?  lv t h r o > i g k o u t  the nln :m?. in3 t r imCnts  
nunbers  $1, 61, an6 ,!I.& o:.,er:lt:ci adCqixtc:L:.- excep t  f o r  
t h e  :act . tha t  tbe r c c o r d c d  n9Sat5.w y3ress;ires exceeded 
the  small negati .  ve range o f  tile j;?s'tru:nenl;s c s i i s ing  the  
recor?..lng s t T : l L u 3  t 3 gc? of ;^  sea1.e So::ie "Llrcc <,TJrin;; the 
run.  

n 
I n s t i w m n t s  nwnbers 5s, 51, x i d .  52 r c c o r d e d  o ; i ly  

.'.iring t 'he fir:3t ?-c\r+io;i o f  the run, i.ns trimsn-t; 
nuinSer 53 be '-9:; crushed d-!rl.ng the C l i r s t  i 
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t h e  fu.sel.age s t r u c t u r e  was bad1.y- de fo rned .  2:irlg i n  
the  second impact t he  two l a t t e r  i n s t r u m e n t s  vier? i1O 
Longer s u b j e c t e d  t o  5 r e s s u x .  

Ins t ruments  numbers Lee ai?d 53 aq:,parentlg recorded 
s a t i s f a c t o r i l y  du r fng  the  second iiiipact u n t i l  the s k i n  
and s u p p o r t i n  s t r u c t u r e  were cleformed inward. I n s t r u -  

from w a t e r  p r e s s u r e  d u r i n g  the  l a t t e r  p a r t  o f  t he  rim 
whi le  i n s t rumen t  number 53 was b e n t  i n t o  a p o s i t i o n  
perpendi .cu lar  t o  t he  f u s e l a g e  bottom. 

msnt number 4 8 was b e n t  i n t o  -the hull arid was s l - te lded  

Ins t ruments  numbers 57,,45, 11.3, and ,!42 all aqpeared 
t o  have f a i l e d  upon f i r s t  c o n t a c t  with the w a t e r .  The 
diaphragm of I n s t r w e n t s  numbers 57 and 43 r e c e i v e d  a 
permanent s e t  o f  lL/8 i n c h .  The r e c o r d i n g  s t y l u s  on 
i n s t r w n e n t s  nurcbers 42 arid. 45 f a i l e d  a s  a r e s u l t  of  
h i t t l n g  t h e  s t o p  immediately a f t e r  !'irst c o n t a c t .  
Although t h e s e  f o u r  in s t rumen t s  d i d  n o t  r e c o r d  time 
h i s t o r i e s ,  t h e y  d i d  r e c o r d  a P r e s s u r e  value which 
must have been exceeded.  

Figure 14 j s  a rhotograph  o f  a tLTica1 p r e s s u r e  
r e s o r d  And f I g u r e  5 i s  a nhotograol i  o f  one of the  
longitudinal a c c e l e r o a o t e r  r e c o r d s .  

re 6 n r e s e n t s  t he  time h 2 . 3 t G r y  of' r ~ o ~ m s l  
~e 2.7 tic ,a 1. a:: i. s f 

t o  -:,1?.; !':CJYe asc? 2 f . G  a%), t; 
( f o ~ e  artd a f t  a x i s  cf tile a i  
rneasixed n e a r  the  c e n t e r  of  g r a v i t y .  The i::l~.L ;i idinal  
comronents from the  two three-cornponsnt accc.1 c r ~ m t e r g  
a m  no t  i?yesented s i n c e  tl?e n a j o r i t y  o f  the  vail:ss 
exceeded the  rlange o f  the  i n s t r u m e n t s .  The acce le romete r  

, .  

plots c o n s i s t  o f  f a i r e d  curves  which d o  n o t  show 
v i b r a t i o n s  r eco rded .  

The t i n e  h i s t o r i e s  o f  the 20 p r e s s u r e  r e c o r d e r s  
a r e  n r e s e n t e d  i n  figures 7 through 13. The r e c o r d s  show 
pronounced v i b r a t i o n s  b u t  the  e s t i n a t e d  e f f e c t i v e  
p r e s s u r e s  a r e  shown b v  t he  heavy f a i r e d  l i n e s .  Negative 
p r e s s u r e s  were i n d i c a t e d  b u t  the t x a k  va lues  were n o t  
always ob ta incd  s i n c e  t h e y  exceeded the sma l l  n e g a t i v e  
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The a f r p l a n e  barel; ;  ltf't the  watei' 2nd then  
touched aga in  a t  a p o i n t  n e w  the fift enci of the bomb- 
Say s e c t i o n  f r o n  which point t he  n r e s a u r e  a r e a  gradually 
moved forward v a t i l  the  foremost  ~ 0 r I ; ~ o ~ i  o f  the f u s e l a g e  
wgs recetving h a t e r  load. 
t 'ian 30 t o  50  pouncls n e r  sqi4sr.e Tnch wcre d e v c l o p c  as 

Fosi tbve - c ~ c s s u r ~ s  ; ;ma te r  
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t he  a i . rp l ane  rocked forward with thc: p o r t  wing ].ow. 
These high pr13ssures  f ’a l lcd  ’ c k  ‘coo-t’con; a r e a  j u s t  in 
frmt of the  walkway. As the 1-iPse pl.owed tl?rou;;h t h s  
wa te r  t he  s t e e l .  r9 inforcement  over  the  boinbardierr  s 
sf:@ti.ng window w a s  dc,nt,3td. a t  v i ! i i C h  time .the maxixum 
d e c e l e r a t i o n s  also occur red .  The c?.s:iage around the  
no  sr; -whe e 1 door  se  c t 4 on apir, aren-t  ly we ckened t h e  
s t r u c t u r e  t o  such  an ex te rL t  that t h e  nose s e c t i o n  was 
almost  broken awav from the  r s s t  o f  .!;he a i r p l a n e .  

The f a c t  tbLat  I r l s t r iment  number 52, which was on 
the  l e f t  s.i.de, r e g i s t e r e d  u o s i t i v e  > r e s s - u e s  a t  the 
same time t h a t  Ins t rument  nuaber  5 1  on the r i g h t  s i d e  
r e g i s t e r e d  n e g a t i v e  n r e s s u r e s ,  i n d i c a t e d  u n s y m e t r i c a l  
l o a d i n g  o f  t h e  fuse lhgg .  

Although the  amount of  spray thrown d u r i n g  t h e  
p o r t i o n  of the  run i n  which the  nosc became immersed 
was l a r g e  as compared w i t h  t h a t  observed d u r i n g  model 
t e s t s  and t h u s  gave the  i m p r s s s i o n  of h i g h  a c c e l e r a -  
t i o n s ,  i t  may be observed f rom the  time h i s t o r i e s  t h a t  
t h5  a c c e l e r a t i o n s  expe Tienced weTe v e r y  moderate 
( f i g .  6 ) .  The spray was caused no-t o n l y  by t h e  immersion 
o f  the  nose b u t  a l s o  by the t u r n i n g  p r o p e l l e r s  and by  
t h e  immersion of the l e f t  win,g and engine n a c o l l e s .  

The f a c t  t h a t  t he  forward v e l o c i t y  was o n l y  about  
60  f e e t  p e r  second when the  n o s e  f e n a l l y  touched l a t e  i n  
t n e  run i s  q u i t e  I - a rge ly  r e s n o n s i b l e  for the low l o n g i -  
t u d i n a l  d e c e l e r a t i o n s .  

C ONC LU3 TONS 

1. The whole o f  t he  fusg lage  b o t t o m  was a t  some 
time d u r h g  the  d i t c h i n g  suSjectecl  t o  hrigh l o c a l  p r e s s u r e s .  

2. The m a k  Dressures  a3nearad t o  be g r e a t e r  than 
5 0  pounds p e r  square  i n c h  o v e ~  m o s t  o f  the bottom s u r f a c e .  
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3 .  The maxj.rnum l o r g i t u d i n s l  d e c e l e r a t i o n  W:IS 2 . 7 g ,  
the  maximum normal a c ~ e I . e ~ - a t i . o i ~  was I .7g, and. t h e  
maxlmm- t ransve l -se  a c c s l s r a t i o n  was 0.5e;. 



NACA 
~ c c e l e r o a e t e i  
J e r i a l  numbei -- 

409 

405 

206 

2-09 

Range C omuonen t 

Longi tudina l  
Trans ve r se  
Vertical 

Longi tudina l  
Transverse 
Vert i cal 

Longi tudina l  

Long i tud ina l  

-1 

0 

-1 

0 

0 

0 

-5 

-5 

to 1 
t o  5 
t 0 10 

to 1 

to 10 
to 5 

t o  10 

t o  10 

Natural  vane 
f requency  

(CPS ) 

13.7  
21.0 
21.4 

14.26 
2 0 . 0  
21.0 

19.0 

20.89 

NATIONAL AD V I S 0 3 Y  
C Oil9:bI ITTE-T 9’05: AERONATJT IC S 



#!.I2 g 
45 46 
59 
50 
56 
57 
62 
60 
52 
51 
54 

50 
100 
50 
50 
30 

30 
- 2 0 ,  00 
-20, 80 
-20, 80 
50 
3 0  

Range 

2 
1 
2 
1 
2 
1 

1 
2 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

n c 

Note: Timer 1 f a i l e d  t o  o p e r a t e  a f t e r  f i r s t  impact .  
Heasonable t h e  i n t e r v a l s  i v e x  assumed for Texainlng 
p o r t i o n  01 L-ecori? in the  form o f  e x t r a p o l a t i o n s  
based on c o n s t a n t  filrn speed.. 
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AT T I F E  @ ?  CONTACT 

Yave h e f g h t ,  i n  ...................................... 0 

L>ires t ion  o f  w i n d  r e l a t i v e  t o  r a t 3  f rom the 
WiRd v e l o c i t y ,  m n h  ................................... 5 

r i g h t ,  deg ........................................ 45 
'deisht  of airplane. II.I .......................... 44. 100 
Angle o f  f u s e l a z e  r e f e r e n c e  line a t  contac t .  deg  .... 7.5 
Angle o f  i nc idence  o f  wing with ?uselage r e f e r -  

ence line. deg ..................................... 3 
Airspeed,  mvh ....................................... 98 
Probab1.e water s?eed. mph ........................... ?8 
3rcr t ica l  ve loc l  t.7. f t / s c c  .......................... 1.8 
Tid.e ve loc l . ty  from . the  l e f t .  (npli ................... 1/2 
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Figure 16.- Photograph of B-24D fuselage bottom 
taken after airplane w a s  removed from James 
River. NDte damage in nose-wheel door area, 
dent in rear bomb door, hole near bottom turret, 
and damage to rudders. The skin was  indented 
over lower half of fuselage in a strip just in 
front of the tail empennage. 


